The chapter deals with a complex decision-making problem, the selection and evaluation of Learning Management Systems (LMS) in which several objectives -referring to the definite group of users -like social, technical, environmental, and economic impacts, must be simultaneously taken into account. We introduce Evaluation Cycle Management (ECM), a support methodology aimed at the evaluation of options that occur in the decision-making processes. ECM is based on Multi-attribute decision making (Criteria Evaluation) and Usability Testing (Usability Evaluation). The Multi-attribute decision making in the first phase of ECM presents an approach to the development of a qualitative hierarchical decision model that is based on DEX, an expert system shell for multi-attribute decision support. The second phase of ECM is aimed at Usability Testing on end users. ECM illustrates its usefulness by showing its main features and its application to the above problem. It is based on the theoretical and practical expertise related to the quality and usability assurance of LMS.
INTRODUCTION
Considering the abundance of e-learning systems that have offered education over the Internet during the past decade, it is not surprising that there has been growing interest in identifying design principles and features that can enhance user satisfaction. User satisfaction with technologies related to distance and collaborative learning applications has been found to be significantly associated with usability, that is, the effectiveness, efficiency and satisfaction that it gives to its user in a given context of use and task. The usability of an educational environment is related to its pedagogical value (Kirkpatrick, 1994) and evaluation of its usability is part of the processes of establishing its quality. In the literature, there are numerous recommendations for the design of pages, text, graphics, and navigation in Learning Management Systems (LMSs), but in spite of that, it is still recognized that "severe usability problems are present and common" (Brinck & Gergle & Wood, 2002) . However, despite the increased awareness of these problems when adopting internet-based education (Johnson & Hegarty, 2003 ) the usability of elearning systems has still not been sufficiently explored and solutions not yet provided.
These are some of the realizations that led us to perform the case study described in this chapter and to analyze the results. The case study was undertaken as part of an EU project centered on the issues of introducing internet-based education in a region that suffers from a low level of business-oriented usage of the Internet and related e-services together with a relatively high level of unemployment. We found the environment and the context of this study extremely suitable for an evaluation and assessment of the usability of the Learning Management Systems, and to try to identify the "threshold of acceptability beyond which users can begin to interact productively and voluntarily instead of simply acting and reacting" (Hémard, 2003) .
The usability of a Learning Management System is often perceived to be the province of the technical expert rather than the content expert; however, technical knowledge is insufficient when it comes to designing and testing systems intended for e-learning. This chapter presents one attempt to apply and evaluate different Learning Management Systems and also to discuss the findings in an assessment of the learnability, effectiveness, efficiency and level of satisfaction of an LMS (Lai-Chong Law & Jerman Blažič & Pipan, 2007) . Results of the case study can provide a better understanding of the ECM methodology, development of multi-attribute decision making and usability testing.
To achieve the proposed objectives, this chapter is organized as follows: to begin, we will describe the theoretical framework which we have applied in this research. We will present and describe Evaluation Cycle Management (ECM), a novel methodology aimed at the evaluation of options that occur in decision-making processes. This section presents a brief introduction to the Multi-attribute decision making (Criteria evaluation) as a first phase of ECM and Usability evaluation as the second phase of ECM. Each of the applied methods is followed by a description of the scenario and a study of the results. Finally, the chapter ends with a discussion of the overall results, conclusions and implications.
EVALUATION CYCLE MANAGEMENT (ECM)

What is ECM?
To assure that a product is good enough to satisfy all the needs and requirements of the users and other potential stakeholders, such as the users' clients or managers, we need to verify the products' characteristics and assess its acceptability within various categories. Several unique methods and techniques for evaluating products/systems are known, as well as many possible ways of combining various evaluation methods.
Evaluation Cycle Management (ECM), which was developed by the authors, can be classified as a combined evaluation system, because it is composed of two independent evaluation methods: Multiattribute decision making (Criteria evaluation) and Usability testing (Usability evaluation). A detailed description of these two evaluation methods and validation of ECM on the case study follows.
Architecture of ECM
The principal feature that characterizes the Evaluation Cycle Management (ECM) is a two-phase evaluation method with a feedback loop. The first phase of ECM includes Multi-attribute decision making and the second, Usability evaluation. The results gained from the Multi-attribute decision making model (first phase), developed by experts, is being verified on users as well. In case user usability testing (second phase) shows overly significant changes between the presupposed and the gained results, we return to the first phase and correct the multi-attribute model on the basis of the analysis results. When an observed product/system gains good results with the user testing, or only minor corrections are needed, such a system is recommended. The key advantage of the ECM methodology as seen by the authors is that in the first phase of evaluation (evaluation using a multi-attribute decision making model) only onethe most suitable solution -is chosen which leads to lowered costs and decreased use of time regarding continued evaluation in the second phase (usability testing), for only one solution is subjected to testing and not all (Pipan & Arh & Jerman Blažič, 2006) . 
The First Phase of ECM: Criteria Evaluation
Decision making is a process of selecting a particular option from a set of possibilities, so as to best satisfy the aims or goals of the decision maker (Efstathiou & Mamdani, 1986; Rajkovič & Bohanec & Batagelj, 1988) . In practice, the options (also called alternatives) are objects or actions of (approximately) the same type, such as different computer systems, different people applying for a particular job, different investment strategies, and different e-learning technologies. Supporting humans in making complex decisions has long been a goal of many researchers and practitioners. A number of methods and computer-based systems have been developed (Humphreys & Wisudha, 1987) . They are mainly studied in the framework of decision support systems (Keen & Scott Morton, 1978; Alter, 1980; Turban, 1988) , operations research and management sciences, decision theory (French, 1986) or decision analysis (Phillips, 1986) .
Figure 2: General concept of multi-attribute decision making.
One of the approaches to decision support, which is widely used in practice, is multi-attribute decision making (Keeney & Raiffa, 1976; Chankong & Haimes, 2008) . The basic principle is a decomposition of the decision problem into smaller, less complex sub-problems (Figure 1 ). Options are decomposed onto different dimensions X, usually called attributes, parameters or criteria. According to this decomposition, each option O is first described by a vector of values v of the corresponding attributes. The vectors are then evaluated by a utility function F. This function should be previously defined by the decision maker(s), representing his, her or their goals. When applied upon a particular option O, the function F yields a utility F(O). According to this value, the options can be ranked and/or the best one chosen. In the multi-attribute paradigm, the decision makers' knowledge about a particular decision problem is therefore described by attributes X and a utility function F. In addition, there is a data base of options, consisting of vectors v.
The methodology of hierarchical decision models has been developed and extensively applied in relation to decision support (Nagel, 1993) . There, the decision-makers are often faced with the problem of choice (Simon, 1977) : to choose an option from a set of available options so as to best satisfy the decisionmakers' goals. In complex real-life decision processes, the problem of choice can be extremely difficult, mainly because of complex, interrelated or even conflicting objectives. To support the decision-maker, a decision model is designed to evaluate the options. Also, it can be used for the analysis, simulation, and explanation of decisions. In practice, this approach has been most often used for technical or economical decision problems, such as project or investment evaluation, portfolio management, strategic planning, and personnel management.
The contribution to these fields has been the development of an expert system shell for multi-attribute decision support DEX (Bohanec & Rajkovič, 1990) . DEX itself is designed as an interactive expert system shell that provides tools for building and verifying a knowledge base, evaluating options and explaining the results. The structure of the knowledge base and evaluation procedures closely correspond to the multi-attribute decision making paradigm. This makes the system specialized for decision support (Bohanec & Rajkovič, 1995) .
Some recent developments have made the hierarchical decision model approach very attractive also for problems in web based education and e-learning. In particular, some newly developed methods, including DEX, facilitate the design of qualitative (or symbolic) decision models. In contrast to traditional quantitative (numeric) models, the qualitative ones use symbolic variables. These seem to be better suited for dealing with 'soft' decision problems, which are typical for education and e-learning: less structured and less formalized problems that involve a great deal of expert judgments as opposed to exact formal modeling and computation. In next section we present the approach to the development and application of qualitative hierarchical decision models that is based on the DEX shell.
Knowledge representation in DEX
A particular knowledge base of DEX consists of (1) a tree of attributes and (2) A tree of attributes represents the structure of a given decision problem. The attributes are structured according to their interdependence: a higher-level attribute depends on its descendants (sons) in the tree. Leaves of the tree, referred to as basic attributes, depend solely on the characteristics of options. Internal nodes of the tree are called aggregate attributes. Their values are determined on the basis of utility functions. The most important aggregate attribute is the root of the tree. Its purpose is to represent the overall utility of options. Utility functions define the process of aggregation of lower-level attributes into the corresponding higher-level fathers. For each aggregate attribute X, a utility function F that maps values of sons of X into values of X, should be defined by the decision maker. Sets of elementary decision rules are grouped into tables. In case when more decision making groups with different objectives are involved in the decision process, each group can define their own set of utility functions. In Figure 2 , two such groups are assumed. Options are represented by the values of basic attributes, i.e. by values v 1 , v 2 , …, that are assigned to the leaves of the tree. In Figure 2 , two options are assumed. Regardless of the number of groups, there can be only one value v i assigned to a basic attribute for each option.
In the final stage of the decision making process, the above described components of the knowledge base are utilized in order to evaluate options, i.e. to determine the values of the root and the remaining aggregate attributes in the tree. Since there can be more than one group of utility functions, the evaluation process can result in several sets of aggregate evaluation results, as shown by separate sets of squares in Figure 3 .
The Second Phase of ECM: Usability Evaluation
Usability is most often defined as the ease of use and acceptability of a system for a particular class of users carrying out specific tasks in a specific environment. Ease of use affects the users' performance and their satisfaction, while acceptability affects whether the system or product is used (Holzinger, 2005) .
In the case of Evaluation Cycle Management, only the usability evaluation on end users reveals the real value of the observed system/product, which has been chosen on the first evaluation phase with the aid of the multi-attribute decision making technique. Testing with end users is one of the most fundamental usability methods and one which is irreplaceable in the second phase of the ECM methodology, because it provides direct information about how people use the system/product, what their exact problems are with the concrete interface and it verifies its expected usefulness for the system user.
In usability testing it is very important to pay attention to the issues of reliability and validity (Holleran, 1991) . Reliability is the question of whether one would get the same results if the test were to be repeated, and validity is the question of whether the result actually reflects the usability issues one wants to test. To ensure reliability and validity of the usability evaluation outcome, several points need to be considered: representativeness of test participants for real users of the system, realness of testing tasks as compared to actual tasks performed by real users, accuracy of observations of test participants behaviors, and sensitivity of measuring tools.
There are several unique methods and techniques for testing usability as well as many possible ways of combining various usability methods. A combination of methods and techniques used in the second phase of ECM usually contains: task scenarios, think aloud, field observations, questionnaires and participant debriefing (Pipan, 2007; Law & Hvannberg & Cockton, 2008) .
The most important thing that we need to do before any testing is conducted is writing down a test plan and addressing the following issues (Nielsen, 1993 ):
• Usability Evaluation Goals
The usability testing of the system/product evaluates the potentials for errors and difficulties involved in using the system for human resource activities. Some of the areas that will be tested through the usability evaluation process are derived from the criteria evaluation in the first phase of ECM; other concerns are identified from the observed system functionalities (i.e. Can users successfully navigate through the system? Can they easily locate the information they are looking for? Can the application be used with only the on-line help? etc.). Specific usability goals are determined from the above concerns. These goals allow the creation of evaluation scenarios and tasks that let us know if the observed system is: effective, efficient and satisfactory. During the task creation and selection we need to be very attentive because one of the essential requirements of every usability test is that the test participants attempt tasks that real users of the system will want to perform with it and also probe potential usability problems (Dumash & Redish, 1999 ).
• Target Audience
The selection of participants whose background and abilities are representative of the products' intended end user is a crucial element of the evaluation process. Valid results will be obtained only if the selected participants are typical end users of the product, or are matched as close to a selected set of characteristics as possible.
• Preparing the Testing Environment
Before you are ready to conduct the pilot test, which is the last step before conducting the usability evaluation, you have to prepare the physical test environment. The evaluation team needs to prepare the test room and observation room, procure required equipment (hardware, software), network connections and establish communications between the participant and the helpdesk (Philips & Dumas, 1990 ).
• Experimental Design
Each participant receives a short, scripted verbal introduction and orientation to the evaluation. This material explains the purpose and objective of the evaluation, and additional information about what is expected of them. They are assured that the product is the center of the evaluation and not themselves, and that they should perform the test in whatever manner is typical and comfortable for them. The participants will be informed that they are being observed and videotaped and asked to fill out a short background pre-test questionnaire. The scenario is as follows:
After the orientation, the participants are asked to sit down at the computer. The evaluation administrator gives the participants the task scenario booklet and instructs them on the use of the help desk. After the participants begin working through the evaluation scenario, they are encouraged to work without guidance except for the provided material and the product itself. The evaluation administrator may ask the participant to verbalize his or her thoughts if the participant becomes stuck or hopelessly confused. These occurrences will be noted by the evaluation administrator, and will help to pinpoint the cause of the problem. All test participants are required to think aloud when performing the task scenarios. It enables administrators to identify where participants are in a series of tasks, follow their thought processes, and identify points in the task flow where users deviate from the ideal path. As participants are providing feedback while completing a task, this method vividly reveals users' conceptions and misconceptions regarding a system (Wickens & Hollands, 2000) . To gather additional insights from the participants about performed scenarios, participants are asked to fill out a post-scenario questionnaire: the After-Scenario Questionnaire (ASQ). The ASQ is a 3-item questionnaire which assesses participant satisfaction after the completion of each scenario (Lewis, 1991) . The items address three important aspects of user satisfaction with system usability: ease of task completion, time to complete a task, and adequacy of support information (on-line help, messages, and documentation).
•
Data Collection Methodology
Usability evaluation data is usually a combination of two types of measurements: performance measures and subjective measures. Performance measures are obtained primarily through observations. These measures concern counts of actions and behaviors observed and consist of several aspects (Lai-Chong Law & Pipan, 2003) , e.g.: timing (time to finish a scenario), errors (number of wrong menu choices, selections and other errors), seeking help (number of screens of online help and number of times help is solicited from the evaluation administrator) and emotional expression (observations of frustration). Subjective measures are obtained mainly through participants' self-reporting. These measures concern people's perceptions, options and judgments and consist of two aspects: quantitative aspect (Computer System Usability Questionnaire -CSUQ -and After-Scenario Questionnaire -ASQ) and qualitative aspect (participants think aloud all the time when carrying out the task scenarios and participants debriefing).
• Participant Debriefing
After all tasks are completed or the time expires, each participant is debriefed by the evaluation administrator. The debriefing is recorded and usually includes the following: Participant's overall comments about his or her experience, Participant's responses to probes from the evaluation monitor about specific errors or problems encountered during the evaluation. The debriefing session serves several functions. It allows the participants to say whatever they like, which is important if tasks are frustrating. It provides important information about each participant's rationale for performing specific actions, and it allows the collection of subjective preference data about the application and its supporting documentation. After the debriefing session, the participants will be thanked for their efforts, and released.
VALIDATION OF ECM − CASE STUDY: SELECTION OF THE MOST APPROPRIATE LEARNING MANAGAMENT SYSTEM
Identification of the Problem
In accordance with the fact that human resource development has been recognized as one of the most important elements for the further development of modern societies, the current demands for new knowledge and skills has constantly increased. Parallel to the wide range of possibilities offered by new generations of educational technologies, a number of Learning Management Systems (LMSs) which support e-learning have been developed and are available on the market. Consequently, customers are often faced with the dilemma of how to choose the optimum LMS for the implementation of the education process for a definite target group. Precisely defined strategy in the sense of "who and what", sets the basis for further decision making and usability evaluation: Does the LMS gives proper and sufficient support for the execution of the exercises which lead to the planned objective realization. The usability evaluation then presents the real value of the system, its effect on communication, the anticipated benefits for the owner and user, and justification for the investment.
Recent studies of student perceptions of online education point to a number of benefits, such as convenience and flexibility, greater motivation to work, better understanding of the course material, more student communication, and immediate and extensive feedback. Some studies also note some of the disadvantages of a Web-based education, such as technical, logistical and usability problems, some frustration, lack of instructor interaction, etc.
The general aim of our case study was focusing on the usability and applicability aspects of LMSs in relation to definite target group and users: employees in the Drava-Mura Region SMEs with a basic knowledge of ICT. In the next sections, Evaluation Cycle Management will be tested through the case study. In the first phase of ECM, the multi-attribute decision making model for evaluation of LMSs will be developed, in the second phase of ECM, we will examine the satisfaction associated with the selected LMS.
Development of the Multi-Attribute Decision Making Model
In this section we present the approach to the development and application of qualitative hierarchical decision models that is based on the DEX shell. It helps in the creation of decision models that consist of non-numerical (qualitative) criteria. The criteria are hierarchically ordered into a tree structure. The aggregation of partial evaluations into the final evaluation is then carried out by decision rules of the ifthen type. The weights are replaced by rules that define the interdependence of the criteria and their influence on the final evaluation. Thus the influence of a criterion can depend on its value, which corresponds in utility theory (Chankong & Haimes, 2008; Bohanec & Rajkovič, 1995; French, 1986) to the variability of the weights (Mandić & Mamdani, 1984) . The decision-making model is based on a chosen list of criteria, parameters, variables or factors, which we are going to monitor in the decisionmaking process (Bohanec & Rajkovič, 1999) .
The decision-making process was divided into four phases: (1) criteria identification and criteria structuring, (2) utility function definition (decision rules), (3) description of variants, (4) LMS evaluation and analysis. Individual decision-making phases are presented in detail below.
Identification, Description and Criteria Structuring
This section provides descriptions of criteria which are the components of the decision-making model. When creating this model we tried to meet the requirements set by Bohanec & Rajkovič (1999) . We have taken into account the principle of criteria integrity (inclusion of all relevant criteria), appropriate structure, non-redundancy, comprehensiveness and measurability (Baker & Bridges & Hunter & Johnson & Krupa & Murphy & Sorenson, 2002) . Comprehensiveness means that all the data about the subject are actually present in the database. Non-redundancy means that each individual piece of data exists only once in the database. Appropriate structure means that the data are stored in such a way as to minimize the cost of expected processing and storage (Awad & Gotterer, 1992 The second group of attributes is merged into the System, technology & standards category. These groups of criteria are assessed through the basic attributes of Technological independence, Security and privacy, Licensing & hosting and Standards support. The attribute of technological independence is used for the evaluation of an LMS from the prospective of its technological accessibility, which is a pre-condition that has to be met if we wish to talk about system applicability and efficiency.
The Security and privacy criterion focuses on two issues: User security and privacy and security and privacy of an LMS. User security and privacy should be at the forefront of attention; therefore an LMS must keep communication and personal data safe and avoid dangers and attacks on user computers. Application security and privacy assessment is made using authentication, authorization, logging, monitoring and validation of input. It is also important to consider e-learning standards -standards for description of learners' profiles and standards for the description of learning resources (Jerman Blažič & Klobučar, 2005) . In the context of e-learning technology standards are generally developed to be used in system design and implementation for the purposes of ensuring interoperability, portability and reusability, especially for learning resources as they require for their preparation qualified professionals and are very time demanding (IEEE Computer Society, 2002) .
Third group of criteria is merged into Tutoring & didactics. The tutor's quality of environment is assessed using the Course development, Activity tracking and Assessment criteria. Activity tracking undoubtedly provides important support to the tutor in the learning process. Here we have focused on monitoring students in the process of learning and the possibility of displaying students' progress, analysis of presence data, sing-in data and time analysis. 
Utility Function
The tree of criteria defines the structure of the evaluation model by defining the criteria and their interdependence. In the final outcome, this means that the overall evaluation of the LMS depends on 57 criteria. On the other hand, the criteria tree does not define the aggregation, i.e., the procedure that combines the values for the final evaluation. In DEX, the aggregation procedure is defined by decision rules, an example of which is shown in Figure 5 .
The rules determine the evaluation of the criterion, Student's learning environment, based on four criteria: Ease of use, Communication, Functional environment, and Help. The first five rules determine the conditions by which the Student's learning environment is evaluated as unsuitable (low grade). This is for example whenever: the LMS does not conform to ease of use, communication and help (regardless of the evaluation of the remaining criteria, denoted by an asterisk) (rule 2). On the other hand for example the Student's learning environment is suitable (high grade) whenever the LMS respects the ease of use criterion at least on the average level (average grade) and the quality of the attributes communication, functional environment and help assessment are high (rule 6). The remaining rules can be interpreted similarly, with the symbols <= and >= representing "worse or equal" and "better or equal", respectively. Obviously, there are many more such rules in the model. For each aggregate criterion (such as Student's learning environment), a similar table is defined. In the entire model there are 108 rules defined in this way.
The tables were defined by a group of experts at the Jozef Stefan Institute using the DEX computer system. Experts contributed the contents of the rules, and the system made sure that the tables were complete (covering all possible combinations of the evaluation criteria) and consistent (an improvement of a single lower-level criterion could never decrease the overall value of the LMS). Decision rules therefore define the conditions under which an LMS is ranked.
Description of Variants
The multi-attribute decision making model was tested on three Learning management systems: Blackboard 6 (www.blackboard.com), CLIX 5.0 (www.im-c.de) and Moodle 1.5.2 (www.moodle.org). Blackboard is among the most perfected and complex LMSs on the market. The system offers various communication options (both synchronous and asynchronous) within the learning environment. The Blackboard LMS is designed for institutions dedicated to teaching and learning. Blackboard technology and resources power the online, web-enhanced, and hybrid education programs at more than 2000 academic institutions (research university, community college, high school, virtual MBA programs etc. CLIX is targeted most of all at big corporations, because it provides efficient, manageable, connected and expandable internet-based learning solutions. This scalable, multilingual and customizable software aims at providing process excellence for educational institutions. For educational administrators, CLIX offers powerful features for course management and distribution. Additionally, it provides personalized learning paths for students, a tutoring centre for lectures and a whole bunch of innovative collaboration tools for both user groups, e.g. a virtual classroom. Altogether, CLIX makes planning, organizing, distributing, tracking and analyzing of learning and teaching a smooth and efficient process. Moodle is a free, open source PHP application for producing internet-based educational courses and web sites on any major platform (Linux, UNIX, Windows and Mac OS X). The fact that it is free of charge is especially attractive for schools and companies which always lack resources for the introduction of new learning technologies. Furthermore, the Moodle system is not only price-efficient -it can easily be compared to costly commercial solutions on all aspects. Courses are easily built up using modules such as forums, chats, journals, quizzes, surveys, assignments, workshops, resources, choices and more. Moodle supports localization, and has so far been translated into 34 languages. Moodle has been designed to support modern pedagogies based on social constructionism, and focuses on providing an environment to support collaboration, connected knowing and a meaningful exchange of ideas. The greatest disadvantage of the system is certainly support to e-learning standards, which is reflected on Figure 7 , showing evaluation results according to different assessment criteria for Blackboard, CLIX and Moodle Learning management systems.
LMS Evaluation and Analysis
The evaluation is carried out according to the tree of criteria from the basic criteria up. The method of aggregation is determined by the decision rules. The variant which is awarded the highest grade should be the best one. To illustrate the use of the decision model, we consider Blackboard, CLIX and Moodle Learning Management Systems. The results of assessment are given in Figure 6 . The systems obtained high, average and low grades in the evaluation assessment process.
Figure 6: Examples of evaluation and analysis of Blackboard, CLIX and Moodle.
Due to the complexity of LMSs and a large number of criteria it is essential that the decision-making model allows us to obtain not only the final assessment, but also a detailed partial analysis of individual elements (Figure 7) . In this way we can detect weak points and disadvantages of the system, which can be used as the basis for system improvements. We can anticipate how specific criteria improvements would influence quality and we can achieve a more optimal distribution of resources at our disposal. The immense importance of individual criteria and their autonomy prevents the average of one or more criteria to automatically become the average of the entire system. For example, an LMS that was awarded an average grade in all three criteria (e.g. average Student's learning environment, System, technology & standards, Tutoring & didactics) , cannot be called average, because it could be even worse, under average. On the other hand, a system with excellent technological and standardization solutions cannot be considered of high quality also from the methodology and didactics point of view, if the system does not provide an adequate Student's learning environment, which is essential for e-learning users, since it does not fulfill their objectives. Besides these, there are also some excluding factors that must be met in order for an LMS to achieve a certain level from the point of view of security and privacy for example. We can renounce the safe SSL transfer in order to enhance the operational speed (this is especially important for users still using modems to connect to the Internet) and consequently positively influence applicability of the system. However, such a system does not meet security requirements, which are important in elearning (they are considered important also by the decision-making model). The advantages and disadvantage of the systems are reflected in Figure 7 
Usability Evaluation of LMS CLIX 5.0.
According to the results of the first phase of ECM (criteria evaluation), where the LMS CLIX 5.0 got the highest assessment among three different Learning Management Systems and methodology of Evaluation Cycle Management, we performed the second phase of evaluation: Usability testing (usability evaluation) of the LMS CLIX 5.0.
Usability Testing
Standard user test procedures were adopted (Dumas and Redish, 1999) and were conducted by the respective evaluation administrators, who were responsible for recording the data, transcribing thinkaloud protocols of the participants, asking them to fill out pre-test, post-task and post-test questionnaires and participant debriefing.
Participants
We selected 10 participants, who were typical representatives of the target audience or were matched as closely to the criterion as possible. They possessed a certain level of experience and knowledge of information and communication technologies (ICT), experience in using software applications and had some basic knowledge about e-learning.
Testing Environment
For the purpose of the usability test we prepared a usability room and set up the required hardware and software equipment (Table 1) . 
Test Objectives
Usability goals for the LMS CLIX 5.0 were referred to on the hypothesis that users can utilize the services of the observed learning management system quickly, easily and accurately to accomplish their tasks in the way to attain the optimum level of effectiveness and efficiency, and find the navigation design comprehensive and user-friendly to attain an optimum level of satisfaction.
Task Scenarios
A set of seven tasks covering the core functionalities of the LMS CLIX 5.0 and also presenting the potential usability problems. Here below is the list of the tasks: In addition, for each of the task scenarios, an experienced user of the LMS CLIX 5.0 assessed the range of acceptable time for completing a single task and determined maximum number of errors. These data can serve as references or baselines for data analysis.
Measurements and Usability Metrics
Quantitative Data a) Effectiveness: completion rate (percentage of participants who completed each task correctly with/without assistance from a usability administrator), errors (number of errors: in menu choice, selecting an item from a list and other) and assists (number of times looking up on-line help and from a usability administrator). b) Efficiency: task time (mean time of completion of each task, range and standard deviation of times) and completion rate efficiency (mean task time only for unassisted tasks).
Qualitative Data c) Satisfaction: ratings and comments obtained through ASQ, CSUQ and participant debriefing.
The results of the Usability Test
Quantitative Data a) Effectiveness and Efficiency Each participant was required to perform 7 tasks and fill out enclosed questionnaires. Based on the data (Table 2 ), the mean time over 7 tasks is 47.65 minutes, with the range from 40.74 to 55.02 and a standard deviation of 4.453. Altogether, participants performed 70 tasks, 59 (84,3%) were correctly completed without assistance and 11 (15,7%) with assistance (on-line help, advice) from the usability administrator (Table 3) . Task 4 (Taking an e-exam) was found to be the most problematic. The mean time for Task 4 is 11.27 minutes and exceeds the time for completing the task (9 minutes), assessed by the experienced user, by 25,2%. Furthermore, effectiveness and efficiency per task were computed. Effectiveness presents the rate that a task is correctly completed without intervention from the usability administrator or any other help. Efficiency is presented as the percentage of task completion per minute and it is calculated through dividing an unassisted completion rate by the corresponding unassisted average time-on-task. The average effectiveness (Table 4 ) over 7 tasks is 84,28%, ranging from 70% (Task 4, 5, 7) to 100% (Task 2, 3). The average efficiency over 7 tasks is 14.94%/minute, ranging from 6.78%/min (Task 4) to 25.32%/min (Task 3). From these data it is evident once again that Task 4 potentially should be problematic. Table 5 , the total number of errors committed by 10 participants is 90, with the Menu choice Error being the highest (53), followed by Select from list error (30) and Other error (7). The average number of errors over 10 participants is 9, ranging from 7 to 16. One of the measured attributes was also a frustration per task and Task 4 has caused much higher frequency of frustration (4) than the other tasks. These results are consistent with other findings that Task 4 evoked the highest number of errors and amount of frustration and had the longest time-on-task. Qualitative Data a) After Scenario Questionnaire (ASQ) For measuring satisfaction Lewis (1991) has developed a three-item questionnaire called the After Scenario Questionnaire (ASQ). The ASQ was developed to be used immediately following scenario completion in scenario-based usability studies. The three questions of ASQ unequivocally measure one single underlying aspect of participants' perceptions of how easily and quickly the scenarios were completed and the contribution of support information to carrying out the tasks. Each item is rated with a 7-point Likert scale, with 1 being "Strongly agree" and 7 "Strongly disagree". The items are phrased in a positive manner. Hence, the lower the score gained out of the 7-point Likert scale, the higher the satisfaction with the observed system. The psychometric evaluation of ASQ has excellent internal consistency, with coefficient alphas across a set of scenarios ranging from 0.90 to 0.96. The overall satisfaction rate over 10 participants is above the average with the mean value of 2.14 out of the 7-point Likert scale. The lowest rating of satisfaction, with the mean value 4.67, was for Task 4, which indicates that this functionality is difficult and complex for general users to manage. b) Computer System Usability Questionnaire (CSUQ) We adopted the Computer System Usability Questionnaire (CSUQ) from IBM to measure participants' satisfaction with system usability at a global system level (Lewis, 1996) . The publicly available questionnaire contains 19 questions with a 7-point Likert scale for each answer. The CSUQ has excellent internal consistency with an overall coefficient alpha of 0.97. CSUQ can gauge three factors of satisfaction: System Usefulness (SYSUSE), Information Quality (INFOQUAL), and Interface Quality (INTERQUAL), with corresponding coefficient alphas of 0.96, 0.91, and 0.91, respectively. A higher score gained out of a 7-point Likert scale means higher satisfaction with the system. In addition to the 19 questions from CSUQ, we also had after test debriefing with each participant. The average overall satisfaction over 10 participants is 5.68, with a standard deviation 0.48. The implication of the value is that the users' general satisfaction with the LMS CLIX 5.0 is good. Both the system usefulness (mean=6.03, SD=0.37) and interface quality (mean=5.94, SD=0.74) were above the system average, whereas the information quality (mean=5.07, SD=0.82) was a little bit below the average. A little lower assessment for the INFOQUAL should be attributed to the fact that most of the 10 participants were not satisfied with the supporting on-line help and feedback massages.
c) Participant debriefing
The debriefing session is an extremely important portion of the usability evaluation as it allows participants to convey their exact feelings about the product being tested. In addition, it allows the usability administrators to ask direct questions about murky points of each participant's evaluation, i.e. any sticking points they encountered during the testing, any specific problems with wording, etc. From these interviews usability administrators were identified some usability problems and acquired very useful information and recommendation from the real users (e.g. not enough clear taxonomy, lack of on-line help, the graphical user interface is confusing due to many colors and fonts etc.).
Analysis of Results and Findings
The main goal of the case study was the selection of the most suitable and appropriate LMS among the three available (BlackBoard 6, Moodle 1.5.2 and CLIX 5.0), which would to the greatest degree possible, satisfy the requirements and needs of the target group: employees in small and medium-sized enterprises with a basic previous knowledge of information-communication technologies.
As was already expected at the commencement of evaluation, a system which would entirely satisfy the target group of users was extremely difficult to find. Each system observed had its strengths and weaknesses, thus the choice of the most suitable system was that much harder. The ECM methodology in the first phase -development of a multi-attribute decision-making model -foresees the choice of only one of a number of solutions, namely that which best satisfies the criteria defined especially for the aforementioned target group. Furthermore this solution, selected as most suitable in the second ECM phase was then also validated by testing its usability on end users whereby the actual usefulness of the system was ascertained confirming that the LMS chosen offers sufficient and proper support for execution of the exercises which will lead to the realization of the planned objective. The advantage of ECM lies in the fact that only one -the most suitable -solution (LMS) is chosen during the first phase of evaluation allowing a decrease in costs and time used, for continued evaluation of its usability is subject to only one solution and not all.
Based on the results acquired with the aid of the first phase ECM methodology (criteria evaluation) it is evident ( Figure 6 ) that the LMS CLIX 5.0 obtained the best marks of all three main criteria, at the same time coming closest to the criteria of an optimal solution. Due to the extreme complexity of Learning Management Systems and the large number of criteria used it was essential that in addition to the final assessment, a detailed analysis of individual elements (Figure 7 ) impacting quality and the suitability of the LMS was also obtained from the decision-making model. Thus we were able to precisely define the weak points and deficiencies of the system or respectively, where the system could be improved. Since it was, however, the second ECM phase (usability evaluation) which supplied the answer of whether the selected LMS CLIX 5.0 was really the most suitable solution for the selected target group, it was additionally subjected to the testing of its usability. Ten participants participated in the test, which, on the basis of 7 tasks, verified the key functionalities of the system. The LMS CLIX 5.0 also proved to be an extremely suitable system for the target group of users in the second phase of evaluation according to ECM methodology (Section 3.3.1.6). While performing usability testing several deficiencies were ascertained which, according to experts, represent merely minor corrections (e.g. facilitation of navigation to e-testing, improvement of on-line help features, facilitation of terminological support texts in on-line documents, better colour reconciliation and fonts for the user server, etc.). The main strengths and weaknesses of the LMS CLIX 5.0 are presented in Table 6 below. Based on the results of the study implemented according to ECM methodology we concluded that the selected LMS, CLIX 5.0 (with several minor corrections) was suitable for the chosen target group of users -employees in small and middle-sized companies and was also recommended for use by us. Since CLIX 5.0 received good marks both in the first and second phases of ECM and in terms of feedback, consequently modification of the multi-criteria decision-making model was not required.
CONCLUSION AND RECOMMENDATIONS
Evaluation Cycle Management which represents a two-phase method for evaluating the suitability and usability of a certain system/product proved extremely suitable in the case of the choice of the most suitable Learning Management System for a defined target group. The success of the method used was evident both in the choice of LMS as well as its economic justification. On the basis of the findings acquired with the aid of the ECM methodology the selected LMS, CLIX 5.0 with smaller corrections later proved as extremely adequate for the training of employees in small and medium-sized enterprises. The economic justification for using the ECM methodology is especially supported in that already in the first phase regarding the development of a multi-attribute decision making model with relatively low costs, we choose from among all available solutions (systems) only the solution which will most satisfy the requirements of the target group of users while in the second phase of evaluation (usability testing) the testing of all possible solutions is avoided which certainly means a considerable savings in terms of finances and time. Taking into account the number of observed systems/products in the first phase, the advantage of the ECM methodology is even more evident.
